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(g) Method and apparatus for operating a CDMA network using power control. 



(|7) A code-division multiple-access (CDMA) net 
can be used for efTiciently carrying various 
types of traffic having different requirements, 
such as voice traffic and ISDN traffic. When a 
station requests a channel, the controller deter- 
mines the quality level required by that station 
and calculates the appropriate power level for 
that station on the basis of the required quality 
level. At the same time it recalculates the power 
levels for the stations already having operative 
channels. 
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Technical Field 

operation of and controllers for such nets. 
Background of the Invention 

..e use Of code division Is we., -wn ^ .^^^^^^ 
radio band or optical fibre. For exan^ple. see K'^'"^ "pgges 303-312. In such a system each sub- 

,0 -IEEETrans.onVehicu.arTechnology vo..40 no.2,M^^^^^^ 

scriber is allocated a code which .s code-division multip.e access' DS- 

be particular.y discussed in this «P/'^^''=^*'°" ,^^"3^^^ at a rate known as the 'chip rate (W) 

CDMA), in this technique the traffic ^ea^^^^ '^T^/R)^^Z as the spreading gain'. The resu.«ng s.gna 
which is greater than the bit rate (R) by some factor (JV/R)Kno spreading code. The codes 

« 7s recovered, in the presence of other ^J^^^XTe^ort^^^^^^^ ,0 minimise cross-talk, .n practice, 

allocated to different subscribers Acuity or impossibility of maintaining exact synchron- 

=etw:;r'c^rmr:^^^^^^^^^^^^^^ 

'nTlnifest themselves as no.se power in ^^J^^^;^^:;^, ,,3nne.. which .ndudes synchronising the 
When a station requests a '=^'«""«''«;^f^"2e the channel remains in operation. contro.ling the power 
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Summary of the Invention 
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ouiimiqi 3 * , . 

.ccordlngtoaf.rstaspectofthepresen~ 

n,ultiple-access (CDIV.A) net ^^-^P^^I^^S/^^^r^ "^33^^^^^^^ (b) while said channel remains in operahon 

channel request (a) setting up a CDMA^han"el fo^^^^^^^ ^ i CHARACTERISED BY in step (a) 

with said determined power levels. provided a controller for a code-division multiple- 

According to a second aspect of the invention P^'y^^^ggt^rom a station; means for setting up a 

access iCOm net comprising means for ^^--^^ ^^^'^^^^^^^^^^^^^ the power level at which 

CDMA channel for said station in response o sa.d request -d me-s^^^^^^^ CHARACTERISED IN THAT 
said station transmits into said ^^-^J -^^V.^^^^^^^^ "quality level required by said station, and de er 

™rvS=^^ 

--w:t:ifoundthataCOMAnetcanbeeffi^^^^^^^^^^ 

-rn^s^r^-^^^^^^ 

Rriof Description of the Drawing 

Dfttailed Description 

The basic capacity equation for DS-CDMA is given in equation 1 . 

£b _ '^/^ (1) 

No' (N - 1)a + Ti/S 



where 
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W \s the spread bandwidth, 

R is the symbol rate, 

S is the received signal power, 

N is the number of station having operative channels, 

T| is the background noise and 

a is the activity factor, which accounts for the intermittent nature of the transmission when bursty data 
such as speech data are carried. For voice transmission a = 0.5, whereas for ISDN data services a = 1, since 
the data are not bursty. 

Equation 1 refers to a CDMA net of conventional type. In which all of the stations are of the same type — 
ait voice stations in the case of a telephone net, for example. We envisage the use of CDMA in a net In which 
stations are of different types, such as voice and ISDN data services. The stations will thus have different 
characteristics and requirements. For example, a voice station may have a data bit rate of 32kb/s, depending 
on the type of coding used, an activity factor of 0.5 and a maximum bit error rate of 10-3, whereas an ISDN 
data station may have a data bit rate of 1 44kb/s, an activity factor of 1 .0 and require a maximum error rate of 

When the stations have various characteristics and requirements equation 1 has to be generalised to 
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Defining as a measure of the quality of service required by station x. 
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equation 2 can be arranged to give 
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which can be solved to give all of the Sx 
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If we divide the stations into classes c of stations having the same requirements, equation 4 becomes 
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s. = -r-^ (5) 

1 - 5>Ic'0Cc'Oc' 



where ric is the number of active stations in class c. 

Therefore, given the requirements of the stations, appropriate power levels Sj^ can be derived. When a sta- 
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tion requests a channel, this affects the appropriate power levels of all of the stations having currently operative 
power Cx of the despread signal for channel x is given by 
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and the total received power Pt is given by 

Ft = + ^ 

Solving for and r\ yields: 

Cx-Pt (6) 
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sake of clarity. fr«m an antenna 2 The receiver 1 is connected to 

sp,c,ive Ch=,™™d cons.M.s a „=m,^b..d and decoder eirool.s 5.1, 

and activity factor Q„ R, and a, to the quality of ^^^^'^^J^^J^' ^^^^^ the background noise level 

and required values of Sr The power controls.gna^sP,P^^.^aj_^^ ^^^^^^ ^^^.^^ 

7.n. The spreader circuits apply ^^^^^ data input signals 

duces a radio-frequency output signal which is applied '^'^^^T^H^^^^^^^ 3 table held in a data- 

to Which the invention relates. For example, the power control signals Pi, P2 ... may 
signals instead of using spreader circuits 7.1, 7.2 ... 7.n. 
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Claims 

1. Amethodof operating a code-division multiple-access (CDMA) net comprising receiving a channel request 
from a station and in response to said channel request: 

(a) setting up a CDMA channel for said station and 

(b) while said channel remains in operation, controlling the power level at which said station transmits 
into said channel; 

CHARACTERISED BY 

in step (a) determining a quality level (Q^) required by said station, and determining power levels 
(Sx) for said station and any other stations already having channels in operation to provide the respective 
required quality levels and 

in step (b) initially setting the power level of said station and adjusting the power levels of said other 
stations in accordance with said determined power levels. 

2. A method as claimed in claim 1 wherein said determining of a quality level comprises retrieving a prede- 
termined quality level associated with said station from a table. 

3. A method as claimed in claim 1 wherein said determining of a quality level comprises receiving an indi- 
cation of said quality from said station. 

4. A method as claimed in any of the preceding claims wherein said power levels are determined in accor- 
dance with the relation: 



5, = 



^SiUi + Tl 



w 



where: 

Sjf is the received power level from station x, 

a/ is the activity factor of station /. 

r| is the background noise level, 

W/Rx is the spreading gain for station x and 

is a measure of the quality level required by station x, being the ratio Eb/No where is the re- 
ceived energy per bit and Nq is the received noise spectral density. 

5. A method as claimed in any of the preceding claims wherein said CDMA net is a radio local loop of a tel- 
ecommunications network. 

6. A controller for a code-division multiple-access (CDMA) net comprising means for receiving a channel re- 
quest from a station; 

means for setting up a CDMA channel for said station in response to said request; and 
means for controlling the power level at which said station transmits into said channel while said 
channel remains in operation, 

CHARACTERISED IN THAT 

said means for setting up includes means (3, 6) for determining a quality level required by said sta- 
tion, and determining power levels for said station and any other stations already having channels in op- 
eration to provide the respective required quality levels and 

said means for controlling includes means (1, 3, 4.1. 4.2, 4.n) for initially setting the power level of 
said station and adjusting the power levels of said other stations in accordance with said determined power 
levels. 

7. A controller as claimed in claim 6 wherein said means for determining a quality level is arranged to retrieve 
a predetermined quality level associated with said station from a table. 

8. A controller as claimed in claim 6 wherein said means for determining a quality level is arranged to receive 
an indication of said quality from said station. 

9. A controller as claimed in any of claims 6 to 8 wherein said means for controlling is arranged to set and 
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adjust said power levels in accordance with the relation: 



5. = 



X5/a, + ri 
1^ 



QxRx 
w 



where: 

Sx is the received power level from station x, 
10 a/ Is the activity factor of station /, 

r| is the background noise level, 
WIR^ is the spreading gain for station x and 

Qx is a measure of the quality level required by station x, being the ratio E^Nq where is the re- 
ceived energy per bit and Nq is the received noise spectral density. 

15 

10. A telecommunications network having one or more radio local loops each comprising a CDMA net having 
a controller as claimed in any of claims 6 to 9. 
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